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ABSTRACT 
By "dismantling" two representative trees, of each of three va-
rieties, late in the fall (October to December), the total quantities 
of nitrogen, hemicellulose, starch and sugars were determined in 
various structural parts. A tree weighing 850-1000 lbs. contained a 
total amount of 2 lbs. of N, equivalent to about 13 lbs. of 16% 
NaN03, of which approximately % was in the above ground portion. 
Roughly 30% of the dry weight of tops and 40% of roots was made 
up of "available" carbohydrates. Starch and hemicellulose are the 
two major forms of storage material in the apple. Roots contained 
more than half of the total starch reserves of the tree, with a con-
centration 3 times that in the tops, and showed also a relatively 
high sugar content. Vegetative trees had comparatively more nitro-
gen and carbohydrate stores in the above ground portion than in 
the roots. 
Autumnal migration of nitrogen and carbohydrates was clearly 
evident in all trees. A large part of the nitrogen of leaves was 
reabsorbed previous to abscission. It was deposited in twigs and 
spurs, whence it moved to older wood and the root system. The 
conspicuously high soluble nitrogen content of the younger roots 
indicated fall absorption of N from the soil. Relatively small 
amounts of carbohydrates were removed from leaves before they 
dropped. The carbohydrates present in twigs were translocated to 
older wood at the beginning of the dormant season. All parts of the 
appl!e trees showed a decrease in starch and a corresponding in-
crease in sugars with onset of cold weather. 
The bearing of this evidence to growth and development, especially 
fruit production, and to certain orchard practices is discussed. 
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Apple trees are perennial plants that accumulate seasonally con-
siderable food reserves, a large proportion of which is used in the 
spring for the production of leaves, flowers and fruit, and to some 
extent also for length and diameter extension of all woody struc-
tures. With increasing age or reduction in vegetative vigor, less of 
the synthesized substances are spent for building of the framework 
of the tree and more is left over as a reserve food supply. 
In orcharding it is of considerable interest to know the kind and 
the relative quantities of these reserves and the way they are uti-
lized or dissipated in the growth and development of trees, since the 
production of fruit crops is closely linked with not only the currently 
synthesized but also the storage food supply. Frequently "the food 
reserves of a deciduous tree are almost exhausted by the demand 
of foliation and flowering, especially in a seed (fruiting) year." (31) 
Food Reserves in Growth and Development of Trees 
An appreciable quantity of the food materials of an apple tree 
may be lost each year through the abscission and blowing away of 
leaves, the removal of frult, or by pruning, if that be done (5, 38). 
In young trees the loss from pruning may be relatively large but 
from flower and fruit production small or none at all. A mature 
tree bearing heavy crops, on the contrary, may be excessively de-
pleted of its good reserves as a result of frequent fruiting. It has 
been estimated that a 25-bushel apple crop, for example, will remove 
from the tree over 1 lb. of nitrogen, which would be equivalent to 
5 lbs. of a 20% N fertilizer (6) and that the total nitrogen require-
ment for a large bearing tree is approximately 1.5 lbs. of N per 
year (37). Poor vegetative growth and a meager set of fruit in 
subsequent year(s) are the usual results of overproduction (21, 22, 
24, 12). Irregular or alternate bearing is the eventual consequence 
of such a condition, which, when once established, is difficult to 
break. 
From the emphasis on nitrogen, it should not be inferred that it 
is the only or even the chief limiting factor in fruit tree development 
or performance. Most fruits, certainty apples, are carbohydrate 
storing organs. In years of heavy bearing, so much of the cur-
rently ,synthesized carbohydrates may be translocated into and re-
moved by a fruit crop that the reserves at the end of the season 
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may be greatly reduced. Lowered resistance to winter temperature, 
reduced growth and disturbed development may be the results of 
such a condition. 
Fruitless or partly fruitless seasons are especially favorable for 
starch storage, hence biennially bearing apple trees show a greater 
accumulation of starch in the "off" year• (12). In the case of many 
forest trees, for example, starch and other carbohydrates are de-
pleted in the seed bearing year and, according to Hartig the 
recurrence of seed production depends on the time necessary for 
the tree to restore its reserves. In the case of fruit t rees, one year 
may (but not always does) suffice, but many species of deciduous 
forest trees require from 2 to 15 years, for recovery from high 
fecundity (8). 
During the early stages of fruit development, nitrogen and other 
soil nutrients, present in various forms and combinations in the 
tree, seem to play a predominant role, though they appear to be 
utilized over a long period of the growth of the apple (27, 2.) Conse-
quently there exists an established practice of application of nitro-
genous fertilizers either in the fall or spring previous to fruit 
setting. Lacking nitrogen, and other indispensable elements, fruit 
abscission may be excessive and the crop reduced proportionally (22). Once set, the enlargement of the fruit is subject chiefly to 
the carbohydrate supply, some of it coming from reserves but most 
of it being produced currently by leaves in the proximity of the 
fruit, hence the close relationship between leaf area and fruit size (38, 21). Carbohydrate substances evidently are supplied con-
tinuously to the very end of the growth of the apple-t ill it is 
ready to drop (27, 2, 38). 
A conspicuous feature of the life of the apple tree is the seasonal 
translocation, back into the structural woody parts, of nitrogen, 
mineral matter and certain organic substances (7, 8). Beginning 
in late summer, but especially in autumn, they move from the 
leaves into twigs and thence into the larger limbs, the trunk and 
the root system (20, 4, 29, 7, 8). In the spring the direction is 
reversed (18, 25, 17, 34). When growth begins, starch, for instance, 
disappears first from the terminal portion of the shoots and then 
progressively downward from the older branches and roots (5, 28). 
Shoot and root extension and the formation of leaves and flowers 
are mainly, if not entirely, at the expense of stored materials (28). 
But diameter increase of branches and roots seems to depend chiefly 
on currently synthesized substances, though the reserves may be 
drawn upon under certain conditions (16, 3). The amount of food 
materials utilized for leaf development is especially large. One-half 
of the total nitrogen cor.tent of the tree, for example, may be found 
in fully developed foliage (14, 37). 
Dry apple leaves, as they fall from the tree, contain appreciable 
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quantities of carbohydrates, relatively large amounts of mineral 
matter and about 1 % nitrogen (15, 14). Having dropped to the 
ground and become moist, they disintegrate rapidly, releasing 
nitrogen and other nutrient substances into the soil. With favorable 
weather a sort of "fall fertilization" thus occurs, which may be 
considered as a "natural" basis for the present recommendation 
of fall application of nitrogenous and other fertilizers to fruit trees. 
Considering the significance of the leaf litter under a tree, one is 
reminded of the statement that "the food capital of the tree circu-
lates in the leaves" (16). 
Brief and sketchy as the above outline is, it should indicate the 
importance of food reserves in growth and development of the apple 
tree. They constitute a significant part of its internal environment, 
which may "buffer", as it were, temporarily unfavorable external 
conditions for food production and supply and thus assure more 
regular growth and fruiting. Trees well provided with reserve 
building materials are usually more, and more regularly, productive. 
Because of their preponderance and apparent metabolic signifi-
cance, the carbohydrates and nitrogenous substances seem to be of 
particular interest in a consideration of the functional physiology 
of a tree. They have received attention from many investigators, 
but the studies with apple material have been fragmentary and have 
dealt only with the chemical composition of certain parts of trees 
and of samples collected usually during the growing season. More-
over, emphasis in such studies has been placed on the nitrogen 
content and not on carbohydrates (30, 35, 37). 
The only more or less complete record of distribution of food 
materials at different periods of vegetation in various parts of the 
apple tree seem to be those by Butler et al. ( 4), the recalculated 
data of which for nitrogen and carbohydrate concentration have 
been presented by Harvey and Murneek (10). Unfortunately the 
trees used in the above investigation were only 7 years old and 
probably were not in full bearing. A more recent determination of 
seasonal changes in the composition of 11 year old apple trees by 
Kray bill et al. has not yet been fully reported (13). 
For a better understanding of the internal food resources of a 
fruit tree, we should learn more,' at least of the nitrogen and 
carbohydrate supply, as regards not only their relative concentra~ 
tion and movement at certain especially critical periods of the year, 
but also of the total quantities present and the amounts utilized for 
various purposes, especially the production of leaves, flowers and 
fruit. 
The general objectives of the present investigation were:. (a) De-
termination of the relative quantities and concentration of total 
nitrogen and carbohydrates in large bearing apple trees and (b) 
the utilization of these food resources in the spring and early 
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summer for vegetative growth and fruit production. While it was 
contemplated to study a whole year's cycle of the tree's develop-
ment and performance, it fell far short of this aim due to unavoid-
able circumstances. Recurrent droughts made it undesirable to 
continue using material in the same orchard and comparable trees 
were not obtainable. The present report covers only the first or fall-winter phase of this investigation. If proper trees become avail-
able, it may be amplified with additional records in the future. 
MATERIALS AND METHODS 
Description and Collection of Material 
Well developed 18-year-old bearing trees of the varieties Grimes, Jonathan and Delicious were used as material for this study. They had been raised on a loessal soil, kept in blue grass sod, and had been pruned and fertilized with nitrogen regularly. The Delicious 
trees were in a more vegetative state than those of the other varieties. Two carefully selected uniform trees constituted a field sample-a 
small average indeed but better than none. 
The dates of sampling, description of the trees and of the 
weather follows: 
October 12-19: Leaves of Delicious trees still green and intact 
A few from Grimes and more from Jonathan have abscissed. Slight injury to foliage by leaf hopper (Typhlocyba pomaria). 
Weather moderately warm. 
October 27: Very little additional drop of foliage. Weather cool during the past 10 days. 
November 8-1 O: More leaves have dropped since October 27. It 
has been raining recently. Cool. 
November 26: Several fairly heavy frosts have occurred, causing 
a rapid abscission of foliage. Cold. 
December 27-28: Abscission of leaves continuing at a moderate 
rate. Weather mild. 
A group of 8-10 men, properly supervised, were employed to fell 
and disma·ntle the trees and to excavate their root systems. All field work, once started, was finished on the same day. The 
material was separated into the following portions: Leave~;, spurs 1-, 2-, 3-, 4 to 6-, 7 to 10-, 11 to 18-year old wood and the main stem, Roots were cut into four portions: The stump, 18 to 14-, 13 to 7-, 
and 6 to 1-year old parts. Occasionally the partition varied slightly from the above order, as is indicated in the records. The ages of 
the various branches and roots were determined by counting the growth rings. It is very likely that the majority of the very fine 
roots were lost in the process of their excavation. 
Weighing of the selected portions was done in the :field promptly, 
. at which time, or soon thereafter, most of the samples were col-lected for chemical analyses. All material, excepting the leaves and 
spurs, was cut into parts small enough for grinding conveniently. 
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The larger branches and roots, the main stems and root trunks were 
taken to a cool storage room, usually kept overnight and samples 
obtained by sawing through several times in representative places 
and coll.,cting the sawdust. 
The samples, averaging about 200-600 grams in fresh weight, were 
placed promptly in a forcefully ventilated oven and dried at 75°C. 
After cutting in a Wiley mill and grinding to approximately a 60-
mesh powder in a Merker mill, the material was preserved in closed 
containers in a dry place. 
Chemical Analyses 
All chemical analyses were made according to procedures worked 
out and described in another publication of the Department of Horti-
culture of the Missouri Agricultural Experiment Station.* The 
total nitrogen was determined by the official Kjeldahl-Gunning-
Arnold method. Under "soluble nitrogen" is understood nitrogen in 
the water-soluble fraction obtained by protracted washing of dupli-
cate one-gram portions of the sample with 200 ml. of distilled water 
over quantitative filter paper. The acidified filtrate was evaporated 
under vacuum and the amount of N determined as usual. 
Carbohydrate analyses were made on 2-5 grams of the powdered 
tissues. Weighted samples were placed into paper thimbles and 
extracted in a Soxhlet extractor with 110 ml. of 80% ethyl alcohol 
for 3 hours. After removing the alcohol and clearing the filtrate, 
sugars were determined by subjecting aliquots to HCl hydrolysis 
and then ascertaining the quantity of reducing sugars present. 
Freshly collected ptyalin was used for starch digestion and the 
"hemicellulose" fraction was determined on the residue by strong 
HCl digestion. The reducing sugars in all cases were analyzed on 
50 ml. aliquots by the Shaffer and Hartmann method. All carbo-
hydrate fractions were calculated and expressed as dextrose. 
PRESENTATION OF RESULTS 
In order to minimize space and avoid unnecessary repetition the 
most significant data are presented here as follows: (a) In tabular 
form, showing fresh and dry weights and the quantitative distribu-
tion of nitrogen and carbohydrates in various parts of trees of the 
three varieties, in October. (b) The same data in graphical form 
for nitrogen and carbohydrates, but only for two varieties, the less 
vegetative Jonathan and the more vegetative Delicious trees. (c) 
Fan· and winter (Oct. 12 to Dec. 28) translocation of nitrogen and 
carbohydrates in all parts of trees of the three varieties expressed 
in percentage of dry weight. 
Weight Distribution of Nitrogen and Carbohydrates 
It is evident from the data presented in tables 1-3 that the 18-
year-old trees we~ghed from about 850 to 1000 lbs. Those of the 
Grimes variety were smaller than the J onathans, and the Delicious 
*Mo. Agr. Exp. Sta. Res. Bui. 90. 
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larger. The above ground parts were, for Grimes 72%, for Jonathan 
73%, and for Delicious 81 % of the total weight. Evidently the 
Delicious trees had relatively smaller root systems or proportionally 
larger tops. Approximately 62-65% of the above ground portion and 
53-57% of the roots contained other material than water. These 
figures are probably high, for some of the water was unavoidably 
lost while the samples were being collected. Most of the dry matter, 
of course, was wood and therefore metabolically inert. 
Nitrogen.-Of the some 2 lbs. of nitrogen present in these trees, 
about % was above ground and the rest in the root system. This is 
not an inconsiderable quantity, since it represents the equivalent 
of approximately 13 lbs. of such a commonly used fertilizer as 
nitrate of soda. The leaves, which usually contain a bulk of the 
nitrogen during the growing season, had released most of it by late 
fall. The relative amount of nitrogen in the root system was mark-
edly larger in the Grimes and Jonathan trees than in those of 
Delicious (Tables 1-3 and Figures 1 and 2). 
TABLE 1. QUANTITATIVE DISTRIBUTION OF NITROGEN AND CARBOHYDRATES IN APPLE'TREES VARIETY GRIMES, OCT. 16 
Total Carbo-[r!lsh wt, ~. _N_ M, as NaN03 hydrates HemicellulQse Starch ~ lbs, lbs, lbs, lbs, lbs, lQS, lbs, lbs, 
Leaves 57.0 32.82 .415 2.77 8,83 5.74 .92 2.17 
Spurs . 10.2 6.33 .067 .45 2.53 1.43 .37 .32 
1 year wood 9.5 5.94 .052 .35 2.04 1.38 .35 .30 
2 year wood 11.2 7.12 .048 .32 2.28 1.55 .45 .28 ~ 
l"1 3 year wood 13.5 8.74 .048 .32 2.76 1,91 
.51 .34 ~ ;... 
~ 4-6 year wood 74.7 46.27 .150 1.00 11. 72 9.25 1.32 1.16 (') ::i: 
7-10 year wood 179.7 124.00 .299 1.99 36.30 27.10 4.46 2.74 td fl 11-18 year wood 150.0 101.20 .145 .97 28.95 21.90 4.01 1.94 t" l"1 
...;i 
Main stem 100,5 68,19 
_..Qfil!_ 
__.fil_ 23.18 15,34 
__§,_li_ 
-1..ia. z 
to Total, above ground 606,3 400.61 1.323 8.84 118.59 .i:. 85.60 18.53 10,68 00 
Root-stump 110.l 62.80 .171 1.15 23.25 14.45 6.91 3.03 
18-14 year roots 76.5 46.90 .132 .88 18.34 11.38 6.34 1.88 
13-7 year roots 41.3 22.52 .116 .77 9.76 4.87 3.97 1.55 
6-1 year roots _ll._Q_ :.___MlL 
_.Qfill_ __.!!_ _.z.n ~ ___._!!Q_ ___.14_ 
Total, in soil 239.9 137.62 .479 3.21 53.62 31.90 18.08 6.70 
CD 
Total for tree 846.2 538.23 1.802 12,05 172.21 117.50 36.61 17.38 
TABLE 2. QUANTITATIVE DISTRIBUTION OF NITROGEN AND CARBOHYDRATES IN APPLE TREES 
VARIETY JONATHAN, OCT. 19 
....... 
0 
Total Carbo-
Fresh wt. Ill:Y..Jtl, ____N_ N, as NaN03 hy:dratei;i Uemicellulose Starch Sugars 
lbs, lbs, lbs, lbi;i, lbs, lbi;i. lbs, lb:;;, 
Leaves 51.5 28.72 .366 2.44 7.28 4.58 .57 2.13 ~ 
..... 
Spurs 10.6 6.63 .069 .46 2.67 1,84 .49 .32 rn rn 
0 
1 year wood 9.6 6.10 ,056 .37 2.15 1.41 .47 .27 
q 
::ti 
..... 
2 year wood 12.0 7.65 .050 ,33 2.14 1.32 .45 .37 > 
€J 
3 year wood 11.6 7.48 .038 .25 2.57 1.84 .46 • 28 
...... 
(') q 
t"' 
4-6 year wood 76.8 44.20 .154 1.03 14.17 10.55 1.91 1. 71 8 q 
7-10 year wood 185,6 127.10 .366 2.44 39.10 29.53 5.25 4,33 
::ti 
> t"' 
11-18 year wood 267.1 160,60 .265 1.77 48.02 38,45 5.41 4.21 
t:rj 
>< 
'll 
t"l 
Main Stem _ll!lJ_ 60.61 ~ _&Q_ 20,23 14,24 ___i.M_ -1..1..Q_ I" ..... ~ 
Total, above ground 722.9 449.09 1.422 9.69 138,33 103.76 19.55 15.32 
t"l 
z 
8 
u:i 
Root-stump 84.5 48.19 .120 .80 17.84 11.08 5.30 1.32 ~ 
8 
18-14 year roots 103.3 62.19 .201 1.34 24.24 15.35 7.06 1.83 
..... 
0 
z 
13-7 year roots 72.0 36.00 .252 1.68 15.77 9.50 4.42 1.83 
6-1 year· roots .-ll.1 ~ ~ _,_.41_ __M_Q_ 1.43 _,fil_ ___._TI_ 
Total in soil 272.5 152.10 .637 4.25 60.25 37.36 17.44 5.25 
Total for tree 995.4 601.19 2,059 13.94 198.58 141.12 36.99 20.57 
TABLE 3. QUANTITATIVE DISTRIBUTION OF NITROGEN AND CARBOHYDRATES IN APPLE TREES 
VARIETY DELICIOUS, OCT. 17 
Total Carbo-
Eresh wt, Dry wt. _N__ N, as NaN03 hydrates Hemicellulose Starch Sugars lbs lbs lbs lbs lbs lbs lbs lbs 
Leaves 59.1 27.27 .314 2.09 6.74 4.46 .41 1.85 
Spurs 6.6 4.03 .042 .28 1.30 .Bl .27 .26 
1 year wood 29.7 18.15 .175 1.17 5.75 3.87 1.05 .82 
2 year wood 34.2 21.92 .147 .98 7.19 5.36 1.05 .77 ~ 
t<J 3 year wood 30.1 19.33 .106 .71 5.81 4.36 1.01 .48 Ul t<J 
> 4-6 yea r wood 71.B 41.00 .157 1.05 10.03 8.37 .82 .83 ::.i () 
:z: 
7-10 year wood 267.6 181. 98 .506 3.38 57.09 41.15 10.40 5.53 td q 
11-18 year wood 253.3 154.40 .264 1. 76 46.79 36.98 5.79 4.01 t" t" 
t<J 
>'! Main Stem 116.5 74.60 __.1Q!!_ ____,_TI_ 26,20 
-1Ji..1jl_ -2.M_ 
____gclJ)_ ..... z 
t>:> Total, above ground 868 . 9 542.68 1.761 11.75 166.90 122.14 27.14 16.94 ,.,. 00 
Root- stump 69.2 39.45 . 099 .66 14.60 9.07 4.34 1.09 
18-14 year roots 54.8 29.52 . 108 .72 12.15 6.65 2.91 1.13 
13-7 yea r roots 61.7 29.48 .160 1.07 13.68 6.61 5.59 1.49 
6-1 year roots _ll.1_ _J2,Qi_ _.Q1l!_ ~ ~ -1..ll. _Jl.2._ ~ 
Total, in soil 196.9 103.49 .445 2.98 42.75 23.46 13.80 3.96 
...... 
...... 
Total for tree 1065.8 646.17 2.206 14.73 209.65 145.60 40.94 20.90 
....... 
!:..:> 
...... , •••• ·.·:- ·.·:•:•:-... ..... :..: .. ,. .. ;<•:· .. :· ..... .,..,.:+: ... i·:~···:· ... ·• 1..:-EAVES . LEAVES 
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Total Carb<>hydrates.-While the preponderant part of the dry 
matter of the tree was made up of cellulose and lignin, the quantities 
of carbohydrates that can (starch and sugars) or may be (hemi-
cellulose) considerea as food reserves were conspicuously large. 
This is to be expected, for accumulation of storage material is 
nearly at a m~.ximum at this time of the year, October (16, 31). 
Roughly around 30% of the dry weight of the above ground portion 
of the tree and 40% of the roots was represented by the above three 
groups of determined carbohydrates, designated in our records as 
"total carbohydrates" (Figures 3 and 4) . Trees of the three varie-
ties were remarkably uniform in this respect. 
Hemicellulose.-By far the largest proportion, or 1/2 to % of the 
estimated carbohydrates, was made up of "hemicellulose" . This 
complex cell wall material, hydrolyzable in dilute mineral acids to 
monosaccharides and other substances that reduce copper com-
pounds, may be considered, in part at least, as reserve carbo-
hydrates (19). In literature this semistructural mat erial has been 
variously designated as "polysaccharides," "acid hydrolyzable ma-
terial," etc., with starch sometimes included in this fraction. There 
is considerable evidence that hemicellulose may be hydrolyzed in 
the plant, through enzyme action, into sugars and thus made meta-
bolically available (18, 19). In this respect its characteristics and 
function would be similar to that of starch. 
Starch.-Starch accumulation is usually considered a good index 
of the stored carbohydrate food reserves. In deciduous trees of the 
temperate zone two peaks or maxima obtain in starch concentration, 
one in late fall, with which we are dealing here, the other in spring 
when growth begins (13). Though this labile storage carbohydrate 
had not ceased being laid down in the twigs and smaller branches, 
due to further photosynthe'sis in the leaves that were still present, 
a decrease had already begun in the older parts of the branches, 
the main stem and the roots, as will be noted later on. The hy-
drolysis of starch, and to some extent also of the hemicelluloses, 
with the onset of cold weather is a well known autumnal and winter 
phenomenon. 
The roots were especially rich in starch, showing approximately 
3 times the concentration of that of the above ground parts of the 
tree. Up to 15% of their dry matter was made up of starch, with 
further deposition still going on. When the root mat erial was 
ground into powder, preparatory to chemical analyses, it looked quite 
white, because of th,· presence of much starch. The more vegeta-
tive and probably les s winter "mature" Delicious trees had rela-
tively less starch in their roots than the Grimes and Jonathan trees 
(Figures 5 and 6) . 
Due to the high concentrations of all reserve carbohydrates in the 
roots, the underground portion of the tree should be considered the 
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chief storage organ of the apple and possibly other deciduous trees. 
Though perennial in its general development, in this respect the 
apple tree behaves like a more or less typical biennial plant (23, 25). 
Since the trees under investigation had produced, in the year of 
sampling, what may be considered an average fruit crop, which 
removed considerable quantities of carbohydrates, possibly addi-
tional starch accumulation would have taken place in the roots, had 
there been no fruit present, as in the case of an "off" year in 
instances of biennial bearing (12, 25). 
Sugars.-Sugar concentration in a plant is subject to several 
environme.ntal factors, some increasing, others decreasing it. In 
the fall lower amounts are formed photosynthetically, because of 
gradual reduction in area and efficiency of the foliage and, there-
fore, less in moving from the leaves of the structural parts of the 
tree. Smaller quantities of sugars are utilized also in respiration 
due to lower temperature at this time of the year. On the other 
hand the sugar content increases in almost all parts of the plant 
with the onset of cold weather, a phenomenon previously referred 
to. In the middle and the later part of October the trees under 
investigation were already subject to fall hydrolysis of starch and 
possibly a part of the hemicellulose into soluble carbohydrates. This 
process continued into the early winter period. In fact, this accounts 
for most of the sugar present. 
There was a relatively higher sugar content in the roots than 
above ground in the trees, though the differences were not nearly 
as great as in the case of starch (Figures 7 and 8). The total 
amount of reducing substances in the leaves indicates that they con-
tinued to function but probably at a reduced rate, as many of them 
were ageing rapidly. Probably a large proportion of the sugar of 
the tree . was present in the bark, especially of roots, which, how-
ever, was not analyzed separately from the wood (31). 
Percentage Concentration of Nitrogen and Carbohydrates 
Nitrogen.-The nitrogen content of apple leaves, in October, was 
about 1.5% on dry weight basis. At the time of abscission, this had 
dropped to 1 % or slightly less (Figure 10). Thus while there was 
a considerable return movement of nitrogen from the foliage into 
the tree proper, which, as we know, begins during the later part of 
the growing · season, the leaves retained considerable quantities of 
this element when they dropped to the ground (20). 
The percentage concentration of N was highest in the small 
branches and decreasingly less in the older ones, the range being 
from .8 to .2%. Quite similar differences in percentage of nitrogen 
existed in the underground parts of the trees. The smaller roots 
were highest in nitrogen and the older ones lowest (Figure 9). The 
relatively high concentration of soluble nitrogen in the small roots 
would seem to indicate that there was a fall absorption of this 
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element from the soil. At least a part of it, however, may have 
come from the recently abscissed leaves and senescent vegetation 
of the sod plants (20, 32). 
It should be pointed out here that most of the nitrogen probably 
was in the bark and the newest layers of wood of both the branches 
and the roots, with very little in the older woody structures. In 
fact, from the outside toward the center of the larger limbs and 
roots, undoubtedly, there was just as much of a gradient as from 
tips to bases of these organs. In the bark itself nitrogen probably 
was quite uniformly distributed throughout the tree (36, 14). A 
preponderance of woody tissue, therefore, was the chief reason for 
the low percentage of N in the older parts of the trees. 
Carbohydrates.-The total analyzed carbohydrate content of the 
branches, in October, was 30-35%, of which 20-25% was made up of 
hemicell ulose, about 5-6% of starch and the rest was Sl1gar (Figure 
10). A conspicuous feature of the percentage concentration was 
the marked uniformity in the wood of all ages, which, as we have 
noted, was not the case with nitrogen. 
In the roots the accumulation of carbohydrates was cons~derably 
higher than in the branches and in the younger roots more so than 
the older ones. This was due primarily to a greater starch and 
sugar content, 15-18% and 6-8% respectively, in the underground 
organs. The hemicellulose percentages were about the same for 
the tops and roots. 
Autumnal Migration of Nitrogen and Carbohydrates 
The return movement, in the fall, of nitrogen and carbohydrates 
from the leaves into the spurs and 1-, 2-, and 3-year old apple 
branches has been investigated previously and the results given in 
another publication (20). * The present study extends the analyses 
to older wood and to the roots, in order to make the "picture" more 
complete (Figures 9 and 10). 
Nitrogen.-Autumnal changes ih nitrogen content of the trees 
most likely were due to two quite independent but overlapping fac-
tors: (a) The return or downward translocation of nitrogen from 
the senescent leaves into all structural parts and (b) the intake 
and some upward movement of this element from the soil into the 
roots. -
It has been demonstrated that nitrogen is absorbed by apple roots 
in the fall and winter and held largely underground till growth 
starts in the spring (1, 32). This would account for at least a part 
of the sharp increase in the soluble and total N content of the roots 
in November and December (Figure 9). 
All portions of the branches showed a conspicuous precentage in-
crease in total nitrogen during the late fall and early winter periods. 
*Mo. Agr. Exp. Sta. Res. Bui. 171, 1932. 
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Most likely it had come from the foliage, which released a large 
part of its N content during senescence. The reabsorbed nitrogen 
moved from the smaller into the larger branches and thence, at 
least a portion of it into the root system (7, 8). The decrease in 
percentage of soluble nitrogen during the considered months, and 
the relatively small increase in total N in December, may be taken 
as an evidence of the reduced N movement with onset of winter. 
Were 'it not for the relatively mild weather during the period of 
sampling the trees, the reduction in nitrogen translocation would 
have been apparent much earlier (20). 
Carbohydrates.-Autumnal migration and changes of carbohy-
drates in deciduous trees are far more difficult to study than that 
of nitrogen (20) , especially when part of the foliage is still intact. 
The subject of diurnal transfer of carbohydrates from normally 
functioning leaves to places of storage, of course, is not taken into 
consideration here. 
During the end of the growing season photosynthesis, polymeriza-
tion and hydrolysis of carbohydrates are subject to wide fluctuations, 
which are caused primarily by drastic changes in light and tem-
perature. 
The most conspicuous alterations in the carbohydrates between the 
middle of October and end of December were a sharp increase in the 
sugar concentration in all parts of the branches and roots (Table 
10). Since during this period there was a corresponding reduction 
in starch, it must have been hydrolyzed into sugars rapidly-the 
usual cold weather effect. In December, a part of the sugar may 
have come from hydrolysis of hemicellulose, which is suggested by 
changes in some of the records (Table 10). Moreover the possi-
bility exists that some of the hydrolyzed products of starch may 
have been transformed into hemicellulose, thus accounting for its 
increase in the branches (19). 
Discussion and Application 
The presented data on quantitative distribution and autumnal 
changes of nitrogen and carbohydrates of vigorous apple trees in a 
bearing year would seem to indicate the following salient features: 
(a) Migration of nitrogen and carbohydrates from the leaves into 
the twigs and then into older wood and the root system. (b) Roots 
are the chief storage organs for carbohydrates and to a large extent 
also for nitrogen. (c) Starch is the most important reserve carbo-
hydrate of the apple tree. A large proportion of it is hydrolyzed 
into sugar with onset of cold weather. Hemicellulose and sugar 
apparently are of secondary importance as food reserves of the 
apple, though the quantities present in all parts are considerable. 
Being perennial plants, apple trees accumulate and dispose of 
large amounts of storage material as is evident from the quantity · 
of nitrogen (about 2 lbs. of actual N) and of labjle carbohydrates 
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(30-40% of dry weight) present. During late fall and winter months 
the stored foods are at a maximum, the quantity depending on the 
development and performance of the tree, the weather, and other 
environmental factors. Trees with ample green foliage usually 
have absorbed more nitrogen from the soil and have synthesized 
more carbohydrates during the growing season (11). 
The production of a heavy crop of fruit is a drain on both the 
nitrogen and carbohydrate supply, resulting in smaller reserves 
being carried over to the following year (25). . It has been estimated 
that in the case of 30-year old apple trees about % as much N goes 
into the crop as falls with the leaves and that the amount used for 
new growth is comparatively small (37). The weather and freedom 
from diseases and insect pests probably are of greater importance 
than any cultural practices in the production and storage of reserve 
materials in apple trees, but good soil and an ample supply of nitro-
genous fertilizers are of particular importance in this respect (11). 
The chief value of stored foods in apple trees, of course, is in 
connection with their utilization in the spring for vegetative growth 
and fruit production. Pending the complete establishment of the 
foliage and more rapid absorption of soil nutrients by the roots, the 
tree has to use tremendous quantities of its reserves as structural 
material. 
Since we are interested in this discussion exclusively in nitrogen 
and carbohydrate substances, it may be worth while to inquire· in 
what way and to what extent they are utilized in apple trees. It has 
been estimated, on the basis of experimental work and close ob-
servation, that a 20-year old apple tree, bearing a fruit crop, will 
require per year about 1 Ya lbs. of actual N and one 25 years old, 
17\i lbs. About 30-40% of this nitrogen is eventually returned to 
the soil when a large proportion of the flowers and young fruit are 
shed in the spring and the leaves absciss in the fall (Table 4). 
It will be observed that most of the net nitrogen requirement is for 
fruit production and for top and root enlargement (maintenance). 
These figures do not give the N requirement in the spring for leaf 
formation. It has been found that as much as half of the total 
nitrogen of the tree may be located in the foliage at the time of its 
full development (14, 37). 
While it is possible to estimate nitrogen utiliz·ation with some 
degree of certainty, the quantitative need for carbohydrates is more 
difficult to ascertain, for their formation, movement and destruction 
(through respiration) is subject to changes in weather. The only 
close estimation of the carbohydrate requirement of mature apple 
trees has been made by Heinicke (11), who has studied extensively 
carbon assimilation under orchard conditions. Table 5 presents 
estimated quantities of carbohydrates utilized per year by an apple 
tree producing 25 bushels of fruit. Such a tree probably would 
synthesize 3-4 lbs. of carbohydrates per day. Therefore, the total 
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yearly need of some 550 lbs. would require approximately 140-180 
days of good weather for photosynthesis. High temperature and 
cloudy weather seem to reduce markedly carbohydrate production 
(11). 
TABLE 4. ESTIMATED NET ANNUAL NITROGEN REQUIREMENT 
OF APPLE TREES 
For fruit crop 
Loss <temporary> from abscissed 
· blossoms and fruit 
Loss (temporary) from abscissed 
leaves 
Required for top and root growth 
(maintenance) 
Removed by pruning 
Total, lbs. 
· 20-year old trees 
<After Murneek, 
26) 
.40 
.06* 
.40* 
.35 
.10 
1.31 
*Taken up from soil, but ultimately returned. 
25-year old trees 
<After Magness 
and Regeimbal.15) 
.33 
.09* 
.60* 
.51 
1. 53 
TABLE 5. ESTIMATED CARBOHYDRATE REQUIREMENT, IN POUNDS, 
OF AN APPLE TREE PRODUCING 25 BUSHELS OF FRUIT 
PER YEAR !AFTER HEINICKE, 11) 
For fruit crop 
For leaf production 
For formation of new structural tissues 
Total, lbs. 
*In addition, 100-125 lbs. is lost by respiration. 
Carbohydrates. lbs. 
192.4 
62.5 
442.4* 
Considering these figures, it is not difficult to imagine that in 
the presence of an excessive load of fruit, and in case of poor or 
injured foliage and bad weather for carbon assimilation, a shortage 
may ensue. The net result would be reduced carbohydrate reserves 
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at the end of the growing season. Under such circumstances the 
tree will be less resistant to cold weather during the following 
winter and its growth and development may be curtailed in the 
following spring. 
The above discussion would seem to suggest the desirability of 
developing tests or assays for the amount of reserve carbohydrates 
present in apple trees, similar to those being tried for nitrogen. 
Leaves apparently may be used for the latter, but cannot be relied 
upon for testing the carbohydrate concentration in plants for quite 
obvious reasons. It might be possible to use the roots, either the 
bark or wood or both, for such a purpose, or perchance the tissues 
of the larger limbs. The tests would have to be made preferably in 
late fall (October-November in this latitude), when the reserves will 
have reached a peak in the root system, or possibly in the spring 
(March-April), when a second condensation of carbohydrates 
(starch) occurs. It should be for starch and possibly also sugar 
concentration, the latter especially during or after periods of low 
temperature. In order to make the results of such assays of carbo-
hydrate reserves of the greatest practical value, they should be 
correlated with the performance, especially fruit production, of the 
trees during the preceding and following growing seasons. 
Fall accumulation and translocation of food reserves may have a 
bearing on certain orchard practices. Because of the relatively late 
return movement of nitrogen from the peripheral regions to the 
main limbs and roots, pruning of dormant trees should be delayed 
till the later part of winter or early spring. By doing so, the 
nitrogen reserves of a tree will be conserved, which should help to 
maintain its vitality. Contrariwise, summer pruning, which has now 
been largely discredited, will tend to dissipate nitrogen and, of 
course, also interferes seriously with carbohydrate synthesis. 
Another orchard practice should receive at least a casual con-
sideration here. When, for one reason or another, a tree is to be 
removed this, too, should be done during the later part of the 
dormant period, when Ys fo Yz of the nitrogen and large quantities 
of other reserves are in the roots. In felling a tree most of the 
roots are usually left in the ground, where they will decay in 2-3 
years, releasing much nutrients for the benefit of adjoining or 
succeeding trees or other crop plants. 
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SUMMARY 
I. Apple trees of average size, 18 years old and bearing, weighed, 
in the fall, 850 to 1000 lbs., of which 20-30% constituted the 
roots. Approximately 62-65% of the tops and 53-57% of the 
roots was made up of dry matter. 
2. These trees contained about 2 lbs. of nitrogen of which % was 
above ground. Roughly 30% of the dry weight of the top 
portion of the tree and 40% of the roots represented "available 
carbohydrates"-hemicellulose, starch and sugars. Though 
quantitatively smaller, the last two forms should be considered 
the chief storage carbohydrates of the. apple tree. Starch con-
centration in roots was 3 times (up to 18% of dry matter) of that 
in the top part of the tree. Roots were also higher in sugar 
content. 
3. Leaves of apple trees contained, in October, 1.5% of nitrogen, 
oh dry weight basis, which dropped to below 1 % preparatory 
to abscission. The concentration of N in branches varied 
basipetally from .8 to .2%, with similar differences in the root 
system. There was a relatively high accumulation of soluble 
nitrogen in the small roots, suggesting fall absorption of this 
element from the soil. 
·L Of the analyzed carbohydrates, the branches contained 20-25% 
hemicellulose, about 5-6% starch and almost the same concen-
tration of sugar. Starch and to some extent also sugar reserves 
of the root system were conspicuously high, with 15-18% and 
6-8% respectively, on the basis of total dry matter present. 
5. Autumnal migration of nitrogen and carbohydrates, between 
October and end of December, was clearly evident in these apple 
trees. Nitrogen moved from the leaves into the twigs and 
thence into older wood and the roots, where a possible upward 
movement of N from the soil into the small roots was met. 
6. Alterations in and migration of carbohydrates in the fall and 
early winter was somewhat difficult to ascertain. There was a 
sharp increase in sugar concentration, throughout the tree, be-
tween middle of October and end of December, with a corre-
sponding reduction in starch, which is ascribed to hydrolysis 
effected by relatively low temperature. · 
7. The possible bearing of nitrogen and carbohydrate reserves in 
apple trees to growth and development, especially fruit pro-
duction, and to time of pruning and tree removal is discussed. 
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